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CONTROLLING DIFFUSION IN DOPED 
SEMICONDUCTOR REGIONS 

This application is a continuation of US. application Ser. 
No. 10/420,331, ?ledApr. 22, 2003, now US. Pat. No. 7,297, 
617 Which is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

This invention relates to semiconductor devices and semi 
conductor device fabrication. Speci?cally this invention 
relates to a method and apparatus of doping semiconductor 
regions and diffusion of dopants during semiconductor pro 
cessing. 

BACKGROUND 

As the minimum feature siZe achievable in semiconductor 
manufacturing decreases, the diffusion rates of dopants 
become a signi?cant impediment for achieving desired 
device structures and corresponding performances. Unfortu 
nately there are only a limited number of possible solutions 
for this problem. As the minimum feature siZe decreases, the 
number of devices that can be formed in a given area increases 
With the inverse square of this feature siZe While dopant 
diffusion rates remain constant. As the areal density of 
devices is raised, both the device siZe and inter-device dis 
tances must shrink accordingly. In addition, as device areas 
have been shrunken laterally, optimal dopant diffusion depths 
have been substantially decreased. 

Using current processing methods, dopant diffusion depth 
is largely affected by annealing operations, typically per 
formed subsequent to an implant step. Thermal annealing is 
performed for a number of reasons, including activation of 
implanted dopant ions. Annealing also causes diffusion of the 
dopant species. Depending on the device design requirements 
and processes, the resulting redistribution of the as-implanted 
dopant ions can be unacceptably large. 
What is needed is a method to control diffusion of dopant 

species in a matrix lattice. What is also needed is a device With 
a sharper diffusion gradient of dopant elements. What is also 
needed is a device capable of Withstanding higher processing 
temperatures for longer periods of time Without unacceptable 
diffusion of dopant elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A shoWs a prior diffusion pro?le Within a doped 
semiconductor region. 

FIG. 1B shoWs a diffusion pro?le Within a doped semicon 
ductor region according to one embodiment of the invention. 

FIG. 2A shoWs a model of an undistorted semiconductor 
material according to one embodiment of the invention. 

FIG. 2B shoWs a model of an undistorted tWo element 
semiconductor material according to one embodiment of the 
invention. 

FIG. 2C shoWs a model of a doped semiconductor material 
Which Was doped using a conventional single dopant process. 

FIG. 2D shoWs another model of a doped semiconductor 
material according to one embodiment of the invention. 

FIG. 3 shoWs an example of a semiconductor device 
according to one embodiment of the invention. 

FIG. 4 shoWs a How diagram according to one embodiment 
of the invention. 

FIG. 5 shoWs an information handling system according to 
one embodiment of the invention. 

20 

25 

30 

35 

40 

45 

50 

60 

65 

2 
FIG. 6 shoWs a block diagram of a processing unit accord 

ing to one embodiment of the invention. 
FIG. 7 shoWs a block diagram of a memory device accord 

ing to one embodiment of the invention. 

DETAILED DESCRIPTION 

In the folloWing detailed description of the invention, ref 
erence is made to the accompanying draWings Which form a 
part hereof, and in Which is shoWn, by Way of illustration, 
speci?c embodiments in Which the invention may be prac 
ticed. In the draWings, like numerals describe substantially 
similar components throughout the several vieWs. These 
embodiments are described in su?icient detail to enable those 
skilled in the art to practice the invention. Other embodiments 
may be utiliZed and structural, logical, and electrical changes 
may be made Without departing from the scope of the present 
invention. The terms Wafer and substrate used in the folloW 
ing description include any structure having an exposed sur 
face With Which to form a device or integrated circuit (IC) 
structure. The term substrate is understood to include semi 
conductor Wafers. The term substrate is also used to refer to 
semiconductor structures during processing, and may include 
other layers, such as silicon-on-insulator (SOI), etc. that have 
been fabricated thereupon. Both Wafer and substrate include 
doped and undoped semiconductors, epitaxial semiconductor 
layers supported by a base semiconductor or insulator, as Well 
as other semiconductor structures Well knoWn to one skilled 
in the art. The term conductor is understood to include semi 
conductors, and the term insulator or dielectric is de?ned to 
include any material that is less electrically conductive than 
the materials referred to as conductors. 
The term “horizontal” as used in this application is de?ned 

as a plane parallel to the conventional plane or surface of a 
Wafer or substrate, regardless of the orientation of the Wafer or 
substrate. The term “vertical” refers to a direction perpen 
dicular to the horizontal as de?ned above. Prepositions, such 
as “on”, “side” (as in “sideWall”), “higher”, “loWer”, “over” 
and “under” are de?ned With respect to the conventional 
plane or surface being on the top surface of the Wafer or 
substrate, regardless of the orientation of the Wafer or sub 
strate. The folloWing detailed description is, therefore, not to 
be taken in a limiting sense, and the scope of the present 
invention is de?ned only by the appended claims, along With 
the full scope of equivalents to Which such claims are entitled. 
The term host matrix refers to a material as used in a com 
posite structure such as a semiconductor matrix With dopant 
impurities. One example of a host matrix includes, but is not 
limited to, a semiconductor Wafer. The term host lattice refers 
to a structure or regular pattern of atoms Within the host 
matrix. 

In semiconductor processing, diffusion is normally 
thought of as occurring by the random motion of atoms With 
the energy being thermal, With the driving force being a 
function of temperature and concentration. Therefore the 
higher the temperature, the more rapid the diffusion rate. 
HoWever, it has been discovered that the rate of diffusion of 
one element in another is a function of not only temperature 
but other factors such as crystal defects, in the host matrix. 
The process of implanting an impurity ion (e.g., As) into a 
host matrix (such as Si) is suf?ciently energetic as to displace 
the host matrix atoms from their normal lattice sites, thereby 
introducing localiZed strains. Such strains serve to increase 
the diffusion of the implanted ions during subsequent anneal 
ing treatments. Rates of diffusion at grosser defects such as 
grain boundaries may be far larger than an order of magnitude 
of that in the bulk material. 
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FIG. 1A shows a semiconductor substrate 100 with a junc 
tion 110 formed by ion implantation of a dopant in a portion 
of the semiconductor substrate 100. In one embodiment, the 
junction 110 is formed within a well region or pocket 112 that 
is also formed in a portion of the semiconductor substrate 
100. A second, shallower pocket 114 is formed in pocket 112 
by ion implantation. As noted above, the ion implanted 
dopants are subsequently activated by an annealing treatment 
as high temperatures. The annealing also causes the dopant 
element to diffuse vertically and laterally into the pocket 112 
so that it forms a larger pocket 116. As device geometries 
continue to shrink with advancing technologies, this increase 
in pocket siZe (from 114 to 116) will be unacceptably large. 

FIG. 1B depicts schematically the much-smaller increase 
in pocket siZe (from 124 to 126) upon annealing the pocket 
124 formed according to the teachings of this invention. A 
semiconductor substrate 100 is shown with a junction 120 
formed in a portion of the semiconductor substrate 100. Simi 
lar to FIG. 1A, in one embodiment, the junction 120 is formed 
within a well region or pocket 122 that is also formed in a 
portion of the semiconductor substrate 100. Using novel 
methods that will be described below, dopant elements are 
introduced to a ?rst region 124. Following an annealing pro 
cedure, dopant elements are driven by diffusion from the ?rst 
region 124 to a diffused region 126. As shown by FIG. 1B, the 
diffused region 126 shows a steeper diffusion pro?le with a 
smaller diffusion depth 127. It should be noted that FIGS. 1A 
and 1B are diagrams for illustration of differences between 
junctions in prior con?gurations in contrast to junctions after 
using the methods described below. FIGS. 1A and 1B are not 
necessarily drawn to scale. 

FIG. 2A shows one embodiment of a host semiconductor 
lattice 200. The lattice 200 is made up of a number of host 
atoms 210 that are held together by bonds 212. Although a 
two dimensional lattice is shown for illustration, one of ordi 
nary skill in the art will recogniZe that the concepts illustrated 
in FIGS. 2A-2C apply to three dimensional lattices. In one 
embodiment, the host semiconductor lattice 200 is made up of 
silicon atoms. Although a silicon host semiconductor lattice 
200 is used as an example, other host semiconductor lattice 
compositions such as gallium arsenide, indium phosphide, 
etc. are within the scope of the invention. In one embodiment, 
the host semiconductor lattice 200 is structured in a regular 
patterned crystalline form. In a crystal, the bonds 212 are 
arranged in a regular pattern throughout the lattice 200. For 
illustration purposes, the bonds 212 are shown with equal 
bond lengths 214. 

Although in one embodiment, all bonds 212 are substan 
tially the same length 214, other embodiments are included 
where bond lengths 214 vary within the lattice 200 to form an 
energetically favorable atomic stacking arrangement in the 
host lattice 200. In describing a lattice 200, as illustrated in 
FIG. 2A, individual atoms 210 can be described as hard 
spheres that can be stacked a number of ways. A number of 
regular patterns of atomic stacking are therefore possible, 
some with equal bond lengths 214 and some with repeating 
variations in bond lengths 214, depending on the atomic 
composition and solid phase of the host matrix. 

FIG. 2B shows a regular pattern semiconductor lattice that 
includes two different semiconductor atoms such as gallium 
and arsenic to form a host lattice 202. In one embodiment, 
other pairs of elements from group 3 and group 5 of the 
periodic table are chosen to form the host lattice 202. In one 
embodiment, pairs of elements from group 2 and group 6 of 
the periodic table are chosen to form the host lattice 202. The 
host lattice 202 includes an average host radii equal to (radius 
204+radius 206)/2. The host lattice can also be de?ned by a 
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4 
lattice constant 208. Embodiments as described in the present 
speci?cation can be used with a host lattice as described in 
FIG. 2A, FIG. 2B or other substantially crystalline semicon 
ductor lattices. 

Dopant elements used to form the junctions in a silicon 
transistor are substitutional (i.e., occupy lattice sites normally 
occupied by host lattice atoms). Since the radii of dopant ions 
differ from that of the ho st matrix, the resulting differences in 
siZe imparts strain to the doped semiconductor region. This 
strain becomes especially large as the dopant concentration is 
raised to the levels needed to form the necessary junctions. 

FIG. 2C illustrates the host matrix 200 from FIG. 2A with 
the addition of a dopant atom 220. As discussed above, the 
dopant atom 220 is located in a substitutional lattice site. The 
dopant atom 220 causes lattice strain, thus distorting the 
regular pattern of the host lattice 200 that existed when the 
dopant atom 220 was not present. Host atom 230 has been 
moved from an unstrained position on line 232 to a strained 
location, thus distorting bonds 234 and 236. As can be seen 
from the Figure, other host atoms and bonds are similarly 
distorted. The effect of lattice strain is not limited to the host 
atoms directly adjacent to the dopant atom 220. Host atom 
240 has been moved from an unstrained position on line 242 
to a strained location, thus distorting bonds 244 and 246. 

Although FIG. 2C shows a dopant atom 220 with an atomic 
radius that is larger than the atomic radius of the host matrix 
atoms, a dopant atom 220 with an atomic radius that is smaller 
than the atomic radius of the host matrix atoms causes similar 
lattice distortion. Instead of the bonds such as 234 and 236 
being compressed, the bonds adjacent to a smaller dopant 
atom are stretched, thus causing host lattice distortion. It has 
been discovered that such dopant-induced strains provide a 
driving force to cause enhanced, non-random diffusion 
effects. To reduce unwanted diffusion, it therefore follows 
that the net lattice strain in a junction should be at or near Zero. 

This can be achieved by adding one or more additional 
type(s) of impurity atoms to the structure. If the added atoms 
are of a neutral species (i.e. carbon or germanium can be used 
in a silicon based structure), then only the relative atomic 
siZes must be considered. If however the compensating impu 
rity element is of the opposite type, i.e. N instead of P type, 
then the compensating atom must have a larger difference in 
atomic siZe, from the matrix atom(s), than the chosen dopant. 
If the chosen dopant is larger in atomic siZe than the matrix 
atom, then the compensating dopant must be smaller. The 
amount of the compensating dopant is chosen such that the 
net effect of all of the dopant atoms is to produce no net 
change in the average atomic spacing. If the compensating 
dopant is of the opposite type, then the net charge will be the 
effective doping level. If the matrix structure is a compound 
semiconductor then silicon, carbon and germanium may then 
be used as neutral compensating elements. 

In one embodiment, no net change in the average atomic 
spacing can be achieved by using two or more impurity ele 
ments in each junction. At least one of the impurity elements 
is chosen with an atomic siZe smaller than an average host 
lattice atomic siZe, and the other of the impurity elements is 
chosen with an atomic siZe larger than an average host lattice 
atomic siZe. Necessarily for electrical operation of the junc 
tion, at least one of the impurity elements chosen is a dopant 
element, although in some embodiments, other impurity ele 
ments are not dopant elements. In selecting the impurity 
elements, an average host lattice atomic siZe is used for com 
parison in semiconductor lattices using two or more elements 
such as GaAs or InP. In a silicon host lattice, the atomic siZe 
of silicon is used for comparison in choosing the impurity 
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element sizes. The percentages of each impurity element is 
chosen such that the net siZe effect in the host lattice 
approaches Zero. 

FIG. 2D shows the host matrix 200 With the addition of 
multiple impurity atoms. In one embodiment, the multiple 
impurity atoms include a ?rst impurity atom 250 With an 
atomic radius 251 that is larger that at atomic radius 211 of 
host atoms 210. In one embodiment, the multiple impurity 
atoms further include a second impurity atom 260 With an 
atomic radius 261 that is smaller that the atomic radius 211 of 
host atoms 210. As illustrated in FIG. 2D, the use of at least 
tWo complimentary siZed impurity elements reduces lattice 
strain. 

In one embodiment, at least tWo impurity elements chosen 
include tWo dopant elements of the same conductivity type 
such as P-type or N-type. Examples of suitable N-type dopant 
atoms include, but are not limited to, arsenic (As), phospho 
rous (P), Bismuth (Bi), and Antimony (Sb). Examples of 
suitable P-type dopant atoms include, but are not limited to, 
Aluminum (Al) and Boron (B). 

In one embodiment, a speci?c proportion of impurity 
atoms is further chosen for introduction to the lattice 200. 
When a speci?c combination of multiple impurity atoms is 
used at a speci?c proportion, strain in the lattice 200 is 
reduced signi?cantly. As shoWn in FIG. 2D, the larger radius 
251 of the ?rst impurity atom 250 complements the smaller 
radius 261 of the second impurity atom 260. In contrast to the 
lattice distortion shoWn in FIG. 2D, atoms in the lattice, 
including both host matrix atoms and impurity atoms, are 
substantially lined up as in the unstressed state of FIG. 2A. 
Impurity atom 260 is shoWn along substantially undistorted 
lines 264 and 268, and impurity atom 261 is shoWn along 
substantially undistorted lines 266 and 268. Although 
selected bonds such as bond 262 in the doped lattice 200 of 
FIG. 2D may be shorter or longer than host matrix bonds 212, 
a center to center spacing 265 is approximately equal to that 
of the undistorted host matrix. 

Although FIG. 2D shoWs the larger ?rst impurity atom 250 
bonded adjacent to the smaller second impurity atom 260 this 
speci?c con?guration is for illustration only. When multiple 
impurity atoms are selected and introduced to the host lattice 
200 in the correct proportions, lattice strain is minimiZed 
regardless of Which host lattice sites the multiple impurity 
atoms are located on. Small impurity atoms do not necessarily 
have to be directly bonded to large impurity atoms. On a 
macroscopic scale, an average lattice strain is reduced due to 
the siZe of impurity atoms selected and the proportion in 
Which they are introduced. 
As noted above, more than tWo impurity elements are used 

in selected embodiments in siZe complementing proportions 
to reduce lattice strain. Use of more than tWo impurity ele 
ments provides an increased number of options for strain 
reduction in the host lattice. Combinations of three or more 
impurity elements in speci?c proportions can provide a better 
complimentary siZe matching that further reduces lattice 
strain. 

In a tWo impurity atom embodiment, the proportions of 
impurity atoms can be chosen by the folloWing formula: 

RHIthe atomic radius of a host atom 
RL?he atomic radius of the impurity atom that is larger 

than the host atom 

Rs?he atomic radius of the impurity atom that is smaller 
than the host atom 
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6 
x?he fraction of large impurity atoms to introduce to the 

host lattice 
l-x?he fraction of small impurity atoms to introduce to 

the host lattice 
For example, if the host atom has a relative radius of 2, the 

large impurity atom has a relative radius of 6, and the small 
impurity atom has a relative radius of 1, then “x” Would equal 
0.20 and “l-x” Would equal 0.80. A resulting impurity pro 
portion Would include one large impurity atom for every four 
small impurity atoms. Similarly, if three or more impurity 
atoms are used, the proportion of impurity atoms that are 
larger than the host matrix atoms should compensate for the 
proportions of impurity atoms that are smaller that the host 
matrix atoms, While taking into consideration the relative 
siZes of the impurity atoms and the host matrix atoms. 

In one embodiment for making an N-type junction, both 
arsenic (As) and phosphorous (P) are used as dopants. To 
compensate for the atomic radii of the dopant atoms, approxi 
mately 36.37 percent of the dopant concentration is phospho 
rus and approximately 63.63 percent of the dopant concen 
tration is arsenic. In one embodiment for making a P-type 
junction, both boron (B) and aluminum (A1) are used as 
dopants. To compensate for the atomic radii of the dopant 
atoms, approximately 23.68 percent of the dopant concentra 
tion is boron and approximately 76.32 percent of the dopant 
concentration is aluminum. 

In one embodiment, at least tWo impurity elements chosen 
include tWo dopant elements of opposite conductivity type 
such as P-type or N-type. The use of elements of opposite 
conductivity type further increases the atomic siZe options of 
the impurity elements chosen. Increased atomic siZe options 
alloWs for better lattice strain reduction options in a larger 
number of junction designs. 

Because a net charge effect is desired in a doped junction, 
When using tWo or more dopant elements of opposite conduc 
tivity type, a dopant element amount of the desired conduc 
tivity type is selected to be larger than the dopant element 
amount of the opposite conductivity type. The difference in 
dopant element amounts provides a net charge effect for 
junction operational characteristics, While the complimentary 
atomic siZes reduce lattice strain. 

In one embodiment, at least tWo impurity elements are 
chosen, including a dopant element of the desired conductiv 
ity type, and an electrically inactive impurity element. The 
use of electrically inactive impurity elements serves the pur 
pose of providing increased options for reducing lattice 
strain, While the net charge of the junction remains unaffected 
by the electrically inactive element. Possible electrically 
inactive impurity elements (for use in a silicon host matrix for 
example) include, but are not limited to carbon, and germa 
nium. In one embodiment, tWo or more electrically inactive 
impurity elements are used to reduce the lattice strain. In one 
embodiment, at least one electrically inactive element is used 
With tWo or more dopant elements of the same conductivity 
type to reduce lattice strain. In one embodiment, at least one 
electrically inactive element is used With tWo or more dopant 
elements of opposite conductivity type to reduce lattice 
strain. 

In one embodiment, introduction of the multiple dopant 
atoms to the host lattice 200 includes an ion implantation 
process. As discussed above, folloWing ion implantation, 
there is damage to the host lattice that must be repaired. 
Further, the implanted dopant atoms must be activated to 
realiZe their desired electrical properties. In one embodiment, 
an anneal step is performed folloWing introduction of the 
dopant atoms to the host lattice. In one embodiment, a rapid 
thermal anneal process is used folloWing introduction of the 
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dopant atoms to the host lattice. By choosing a combination 
of multiple dopant atoms, introduced to a host lattice at a 
speci?c proportion as described above, the post anneal doped 
region exhibits signi?cantly reduced lattice strain. The 
reduced lattice strain signi?cantly reduces unWanted 
enhanced, non-random diffusion effects. 
One advantage of methods described above is that the 

methods effectively reduce the rate of diffusion of the doping 
elements in very shalloW junctions so that they can be 
exposed to a higher time temperature envelope Without exces 
sive degradation of the structure. Another advantage of meth 
ods described above is that the methods sharpen a junction 
pro?le by reducing diffusion rates at current anneal times and 
temperatures. A further advantage of methods described 
above is that solubility in doped regions Will be increased. 
Thus alloWing for a higher maximum doping level. 

FIG. 3 shoWs one example of a device that is formed using 
the methods described above. FIG. 3 shoWs a transistor 300 
formed in a semiconductor substrate 310. Other devices apart 
from transistors may also be formed using the methods 
described above. In one embodiment, the transistor is further 
formed in a doped pocket 320. The transistor 300 includes a 
?rst source/drain region 330, a second source drain region 
332, and a channel region 334 separating the ?rst and second 
source/drain regions 330, 332. A gate 338 is formed over the 
channel region 334, With a gate oxide 336 separating the 
channel region 334 from the gate 338. 

In one embodiment, the ?rst and second source/drain 
regions 330, 332 are formed using the multiple impurity 
implant methods described above. In one embodiment 
including a doped pocket 320, the doped pocket 320 is also 
formed using the multiple impurity methods described above. 
In one embodiment, the doped pocket 320 is formed using 
multiple impurity atoms of a type that is complementary to 
the source/drain regions. In one embodiment, the source/ 
drain regions 330/332 include at least one P-type dopant 
atom, and the pocket 320 includes at least one N-type dopant 
atom. In one embodiment, the source/drain regions 330/332 
include at least one N-type dopant atom, and the pocket 320 
includes at least one P-type dopant atom. 

The folloWing is an example of process conditions in one 
embodiment of an N-type junction in a P-type pocket using at 
least tWo dopant elements of the same conductivity type as 
impurity elements. Where the desired junction depth is 
approximately 500 Angstroms and the pocket depth is 
approximately 2,000 Angstroms, the P pocket Would be con 
structed using a 135 KEV aluminum and a 60 KEV boron 
deposition. If the total concentration of the pocket Was to be 
1020, then a 0.7632>< l 020 aluminum deposition Would be used 
and a 0.2368><l02O boron deposition Would be used. The 500 
Angstrom N-type junction Would be constructed using a 40 
KEV phosphorus and a 70 KEV arsenic deposition. It the total 
concentration of the diffusion Was to be 5><l02o, then the 
phosphorus concentration Would be l.82><l02O and the 
arsenic concentration Would be 3.l8><l02O. 

The folloWing is an example of process conditions in one 
embodiment of an N-type junction using at least tWo dopant 
elements of opposite conductivity type as impurity elements. 
Where the desired junction depth is approximately 500 Ang 
stroms the N-type junction Would be constructed using a 14 
KEV boron and a 70 KEV arsenic deposition. It the total 
concentration of the diffusion Was to be 5><l02o, then the 
boron concentration Would be 0.81 X1020 and the arsenic con 
centration Would be 5.81 x1020. 

The folloWing is an example of process conditions in one 
embodiment of an N-type junction using at least tWo impurity 
elements Where one impurity element includes a dopant ele 
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8 
ment and the other impurity element includes an electrically 
inactive element. Where the desired junction depth is 
approximately 500 Angstroms the N-type junction Would be 
constructed using a 17 KEV carbon and a 70 KEV arsenic 
deposition. It the total concentration of the diffusion Was to be 
5><l02o, then the carbon concentration Would be 0.50><l02O 
and the arsenic concentration Would be 5.0><l02O. 
The folloWing is an example of process conditions in one 

embodiment of an P-type junction using at least tWo impurity 
elements Where one impurity element includes a dopant ele 
ment and the other impurity element includes an electrically 
inactive element. Where the desired junction depth is 
approximately 500 Angstroms the P-type junction Would be 
constructed using a 65 KEV germanium and a 14 KEV boron 
deposition. It the total concentration of the diffusion Was to be 
5><l02o, then the germanium concentration Would be 3.3x 
l021 and the boron concentration Would be 5.0><l02O. 

Diffusion of dopant atoms in a junction is signi?cantly 
reduced When both a pocket and a region Within a pocket are 
formed using multiple impurity atoms that are selected and 
proportioned as described in embodiments above. Junctions 
can be used to form devices that include, but are not limited to 
transistors, capacitors, etc. 

FIG. 4 shoWs a How diagram of a method of fabricating a 
junction in a semiconductor device. A ?rst How 400 includes 
operations for forming a region using multiple impurity 
atoms to reduce lattice strain as described in embodiments 
above. A second How 410 is included in one embodiment to 
include forming a doped region Within another doped region. 
Both methods are effective to signi?cantly reduce diffusion 
rates of dopant elements during processing steps such as 
annealing. 

Semiconducting Wafers, semiconductor devices, and IC’s 
created by the methods described above may be implemented 
into memory devices and information handling devices as 
shoWn in FIG. 5, FIG. 6, and FIG. 7 and as described beloW. 
While speci?c types of memory devices and computing 
devices are shoWn beloW, it Will be recognized by one skilled 
in the art that several types of memory devices and informa 
tion handling devices could utiliZe the invention. 
A personal computer, as shoWn in FIGS. 5 and 6, includes 

a monitor 500, keyboard input 502 and a central processing 
unit 504. The processor unit typically includes microproces 
sor 606, memory bus circuit 608 having a plurality of memory 
slots 612(a-n), and other peripheral circuitry 610. Peripheral 
circuitry 610 permits various peripheral devices 624 to inter 
face processor-memory bus 620 over input/output (I/O) bus 
622. The personal computer shoWn in FIGS. 5 and 6 also 
includes at least one transistor having a gate oxide according 
to the teachings of the present invention. 

Microprocessor 606 produces control and address signals 
to control the exchange of data betWeen memory bus circuit 
608 and microprocessor 606 and betWeen memory bus circuit 
608 and peripheral circuitry 610. This exchange of data is 
accomplished over high speed memory bus 620 and over high 
speed I/O bus 622. 
Coupled to memory bus 620 are a plurality of memory slots 

612(a-n) Which receive memory devices Well knoWn to those 
skilled in the art. For example, single in-line memory mod 
ules (SIMMs) and dual in-line memory modules (DIMMs) 
may be used in the implementation of the present invention. 

These memory devices can be produced in a variety of 
designs Which provide different methods of reading from and 
Writing to the dynamic memory cells of memory slots 612. 
One such method is the page mode operation. An alternate 
type of device is the extended data output (EDO) memory. 
Other alternative types of devices include SDRAM, DDR 
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SDRAM, SLDRAM and Direct RDRAM as Well as others 
such as SRAM or Flash memories. 

FIG. 7 is a block diagram of an illustrative DRAM device 
700 compatible With memory slots 612(a-n). The description 
of DRAM 700 has been simpli?ed for purposes of illustrating 
a DRAM memory device and is not intended to be a complete 
description of all the features of a DRAM. Those skilled in the 
art Will recognize that a Wide variety of memory devices may 
be used in the implementation of the present invention. The 
example of a DRAM memory device shoWn in FIG. 7 
includes at least one transistor having a gate oxide according 
to the teachings of the present invention. 

Control, address and data information provided over 
memory bus 620 is further represented by individual inputs to 
DRAM 700, as shoWn in FIG. 7. These individual represen 
tations are illustrated by data lines 702, address lines 704 and 
various discrete lines directed to control logic 706. 
As is Well knoWn in the art, DRAM 700 includes memory 

array 710 Which in turn comprises roWs and columns of 
addressable memory cells. Each memory cell in a roW is 
coupled to a common Wordline. Additionally, each memory 
cell in a column is coupled to a common bitline. Each cell in 
memory array 710 includes a storage capacitor and an access 
transistor as is conventional in the art. 

DRAM 700 interfaces With, for example, microprocessor 
606 through address lines 704 and data lines 702. Alterna 
tively, DRAM 700 may interface With a DRAM controller, a 
micro-controller, a chip set or other electronic system. Micro 
processor 606 also provides a number of control signals to 
DRAM 700, including but not limited to, roW and column 
address strobe signals RAS and CAS, Write enable signal WE, 
an output enable signal OE and other conventional control 
signals. 
RoW address buffer 712 and roW decoder 714 receive and 

decode roW addresses from roW address signals provided on 
address lines 704 by microprocessor 606. Each unique roW 
address corresponds to a roW of cells in memory array 710. 
RoW decoder 714 includes a Wordline driver, an address 
decoder tree, and circuitry Which translates a given roW 
address received from roW address buffers 712 and selectively 
activates the appropriate Wordline of memory array 710 via 
the Wordline drivers. 
Column address buffer 716 and column decoder 718 

receive and decode column address signals provided on 
address lines 704. Column decoder 718 also determines When 
a column is defective and the address of a replacement col 
umn. Column decoder 718 is coupled to sense ampli?ers 720. 
Sense ampli?ers 720 are coupled to complementary pairs of 
bitlines of memory array 710. 

Sense ampli?ers 720 are coupled to data-in buffer 722 and 
data-out buffer 724. Data-in buffers 722 and data-out buffers 
724 are coupled to data lines 702. During a Write operation, 
data lines 702 provide data to data-in buffer 722. Sense ampli 
?er 720 receives data from data-in buffer 722 and stores the 
data in memory array 710 as a charge on a capacitor of a cell 
at an address speci?ed on address lines 704. 

During a read operation, DRAM 700 transfers data to 
microprocessor 606 from memory array 710. Complemen 
tary bitlines for the accessed cell are equilibrated during a 
precharge operation to a reference voltage provided by an 
equilibration circuit and a reference voltage supply. The 
charge stored in the accessed cell is then shared With the 
associated bitlines. A sense ampli?er of sense ampli?ers 720 
detects and ampli?es a difference in voltage betWeen the 
complementary bitlines. The sense ampli?er passes the 
ampli?ed voltage to data-out buffer 724. 
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10 
Control logic 706 is used to control the many available 

functions of DRAM 700. In addition, various control circuits 
and signals not detailed herein initiate and synchroniZe 
DRAM 700 operation as knoWn to those skilled in the art. As 
stated above, the description of DRAM 700 has been simpli 
?ed for purposes of illustrating the present invention and is 
not intended to be a complete description of all the features of 
a DRAM. 

Those skilled in the art Will recogniZe that a Wide variety of 
memory devices, including but not limited to, SDRAMs, 
SLDRAMs, RDRAMs and other DRAMs and SRAMs, 
VRAMs and EEPROMs, may be used in the implementation 
of the present invention. The DRAM implementation 
described herein is illustrative only and not intended to be 
exclusive or limiting. 

CONCLUSION 

Devices and methods described above include advantages 
such as effective reduction in the rate of diffusion of the 
doping elements in very shalloW junctions. The junctions can 
be exposed to a higher time temperature envelope Without 
excessive degradation of the structure. Another advantage of 
devices and methods described above is that the methods 
sharpen a junction pro?le by reducing diffusion rates at cur 
rent anneal times and temperatures. A further advantage of 
devices and methods described above is that solubility in 
doped regions Will be increased. Thus alloWing for a higher 
maximum doping level. 

Diffusion of dopant atoms in a junction is further reduced 
When both a pocket and a region Within a pocket are formed 
using multiple impurity atoms that are selected and propor 
tioned as described in embodiments above. Junctions can be 
used to form devices that include, but are not limited to 
transistors, capacitors, etc. 

Although speci?c embodiments have been illustrated and 
described herein, it Will be appreciated by those of ordinary 
skill in the art that any arrangement Which is calculated to 
achieve the same purpose may be substituted for the speci?c 
embodiment shoWn. This application is intended to cover any 
adaptations or variations of the present invention. It is to be 
understood that the above description is intended to be illus 
trative, and not restrictive. Combinations of the above 
embodiments, and other embodiments Will be apparent to 
those of skill in the art upon revieWing the above description. 
The scope of the invention includes any other applications in 
Which the above structures and fabrication methods are used. 
The scope of the invention should be determined With refer 
ence to the appended claims, along With the full scope of 
equivalents to Which such claims are entitled. 

What is claimed is: 
1. A method of reducing a dopant diffusion rate in a doped 

semiconductor region comprising: 
introducing ?rst and second impurity elements to the semi 

conductor region, the ?rst impurity element has an 
atomic radius larger than an average ho st matrix atomic 
radius of the semiconductor region, the second impurity 
element has an atomic radius smaller than the average 
host matrix atomic radius of the semiconductor region; 

Wherein a ?rst impurity element atomic fraction is substan 
tially equal to (RH—R2)/[(Rl—RH)+(RH—R2)], Where RH 
is the average host matrix siZe, R1 is the ?rst impurity 
element siZe, and R2 is the second impurity element siZe; 
and 

annealing the semiconductor region. 
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2. The method of claim 1, wherein the ?rst and second 
impurity elements include dopant elements of the same con 
ductivity type. 

3. The method of claim 1, Wherein the ?rst and second 
impurity elements include dopant elements of opposite con 
ductivity type. 

4. The method of claim 1, Wherein the ?rst and second 
impurity elements include one dopant element and one elec 
trically inactive element. 

5. A method of forming a doped semiconductor region 
comprising: 

forming a ?rst conductivity type doped semiconductor 
Well by introducing at least a ?rst pair of impurity ele 
ments to a selected region of a semiconductor surface, 
Wherein at least one of the ?rst pair of impurity elements 
includes a ?rst conductivity type dopant element; 

Wherein an element atomic fraction in the ?rst conductivity 
type doped semiconductor Well is substantially equal to 
(RH—R2)/[(Rl— H)+(RH—R2)], Where RH is the average 
host matrix siZe, R1 is a ?rst impurity element siZe, and 
R2 is a second impurity element siZe; 

forming a second conductivity type doped semiconductor 
region substantially Within the ?rst conductivity type 
doped semiconductor Well, by introducing at least a 
second pair of impurity elements, Wherein at least one of 
the second pair of impurity elements includes a second 
conductivity type dopant element; 

Wherein an element atomic fraction in the second conduc 
tivity type doped semiconductor Well is substantially 
equal to (RH—R4)/[(R3— H)+(RH— 4)], Where RHis the 
average host matrix siZe, R3 is a third impurity element 
size, and R4 is a fourth impurity element size; 

annealing the selected region of the semiconductor surface. 
6. The method of claim 5, Wherein introducing at least a 

?rst pair of impurity elements to the selected region of the 
semiconductor surface includes introducing at least a ?rst 
pair of impurity elements to a selected region of a semicon 
ductor surface chosen from a group consisting of germanium, 
carbon, silicon, gallium arsenide (GaAs), and indium phos 
phide (lnP). 

7. The method of claim 5, Wherein introducing at least a 
?rst pair of impurity elements includes introducing at least a 
?rst pair of dopant elements of the same conductivity type. 

8. The method of claim 5, Wherein introducing at least a 
?rst pair of impurity elements includes introducing at least a 
?rst pair of dopant elements of an opposite conductivity type. 
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9. The method of claim 8, Wherein an amount of one of the 

?rst pair of impurity elements of opposite conductivity type is 
larger than the amount of the other impurity element in the 
?rst pair to produce a net charge effect. 

10. The method of claim 5, Wherein introducing at least a 
?rst pair of impurity elements includes introducing at least 
one electrically inactive element. 

11. The method of claim 10, Wherein the electrically inac 
tive element is chosen from a group consisting of silicon, 
carbon and germanium. 

12. The method of claim 7, Wherein introducing at least a 
second pair of impurity elements includes introducing at least 
a second pair of dopant elements of the same conductivity 
type. 

13. The method of claim 7, Wherein introducing at least a 
second pair of impurity elements includes introducing at least 
a second pair of dopant elements of an opposite conductivity 
type. 

14. The method of claim 13, Wherein an amount of one of 
the second pair of impurity elements of opposite conductivity 
type is larger than the amount of the other impurity element in 
the second pair to produce a net charge effect. 

15. The method of claim 10, Wherein introducing at least a 
second pair of impurity elements includes introducing at least 
one electrically inactive element. 

16. The method of claim 15, Wherein the electrically inac 
tive element is chosen from a group consisting of silicon, 
carbon and germanium. 

17. A method of reducing a dopant diffusion rate in a doped 
semiconductor region comprising: 

introducing ?rst and second impurity elements to the semi 
conductor region, the ?rst impurity element has an 
atomic radius larger than an average ho st matrix atomic 
radius of the semiconductor region, the second impurity 
element has an atomic radius smaller than the average 
host matrix atomic radius of the semiconductor region, 
Wherein amounts and atomic radii of the ?rst and second 
impurity elements are selected to provide an average 
impurity element atomic radius over the doped semicon 
ductor region that is substantially the same as the aver 
age host matrix atomic radius; and 

annealing the semiconductor region. 


